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The Acinetobacter baumannii Biofilm-Associated Protein Plays a Role
in Adherence to Human Epithelial Cells
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Acinetobacter baumannii is a significant source of nosocomial infections worldwide. This bacterium has the ability to survive
and persist on multiple abiotic surfaces in health care facilities, and once a focus has been established, this opportunistic patho-
gen is difficult to eradicate. This paper demonstrates that the A. baumannii biofilm-associated protein (Bap) is necessary for
mature biofilm formation on medically relevant surfaces, including polypropylene, polystyrene, and titanium. Scanning electron
microscopy analyses of biofilms show that Bap is required for three-dimensional tower structure and water channel formation.
In conjunction with persistence on abiotic surfaces, adherence to eukaryotic cells is an important step in bacterial colonization
resulting in infection of the host. We have described Bap as the surface structure involved in adherence of A. baumannii to both
normal human bronchial epithelial cells and normal human neonatal keratinocytes. However, Bap is not involved in internaliza-
tion of the bacterium in these two cell lines. Furthermore, this study shows that the presence of Bap increases the bacterial cell
surface hydrophobicity. The results of this study are pertinent, as the data lead to a better understanding of the role of Bap in
biofilm formation on medical surfaces and in colonization of the host.

Acinetobacter baumannii is a Gram-negative, aerobic, multidrug-
resistant coccobaccillus that is of increasing importance in the
medical community. A. baumannii is an opportunistic pathogen
and a significant cause of nosocomial infections, although it is
occasionally associated with community-acquired infections.
While A. baumannii has been cultured from the skin of healthy
individuals, it is more prevalent among patients in the hospital
environment (1, 14). One of the main concerns with A. baumannii
is its ability to persist in the hospital environment on various abi-
otic materials allowing contact with susceptible patients and caus-
ing outbreaks of ventilator-associated pneumonia, meningitis,
bacteremia, and urinary tract and wound infections (1, 29). These
infections are difficult to treat due to the emergence of multidrug-
resistant strains (2, 18, 24, 34). These findings are an important
indication that A. baumannii is a serious growing nosocomial
threat worldwide.

While there have been studies defining important bacterial
components expressed by A. baumannii, the mechanisms of viru-
lence and persistence remain largely undefined. Those that have
been described include the outer membrane protein A (OmpA)
porin (6), K1 capsular polysaccharide (28), lipopolysaccharide
(22), antimicrobial resistance genes (2, 18, 23, 24, 34), and plas-
mids containing organic peroxide resistance genes (13). Although
little is known about the pathogenesis of disease caused by A.
baumannii, the ability to persist in the environment on abiotic
surfaces has been linked to biofilm formation (5, 11, 21, 31). In A.
baumannii, the expression of csuE, which is part of the CsuA/
BABCDE chaperone-usher assembly system of pili, is involved in
the initial surface attachment during biofilm formation (12, 31).
Poly-B-(1,6)-N-acetylglucosamine (PNAG) is an extracellular
polysaccharide that is thought to function as an intercellular ad-
hesin within the biofilm (5). The blaPER-1 gene is also associated
with increased cell adhesiveness and increased biofilm formation
(19). Finally, the A. baumannii biofilm-associated protein (Bap)
has been shown to play an important role in biofilm maturation
and maintenance (21).
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A. baumannii bap encodes a very large surface protein consist-
ing of 8,621 amino acids that is homologous to the Bap protein
first described in Staphylococcus aureus (8, 21). Production of Bap
has been linked to initial adherence to abiotic surfaces, biofilm
formation in both Gram-negative and Gram-positive bacteria,
and to persistence and pathogenesis in the latter (8-10, 21, 26, 33).
The A. baumannii Bap protein is essential for stabilization of ma-
ture biofilms on glass, affecting both thickness and biovolume
(21). These data suggest that A. baumannii Bap is a key factor in
biofilm formation and thus may have a role in persistence in the
hospital environment and also in infection.

A previous study made the correlation that A. baumannii clin-
ical isolates that adhere to epithelial cells at a high percentage also
form large biofilm volumes (19). Although a number of bacterial
factors have been implicated in biofilm formation, no specific sur-
face structures have been defined for adherence. While there is
very little known about the steps involved in A. baumannii patho-
genesis, this opportunistic pathogen must initially adhere to host
cell surfaces in order to cause disease. In this study, we determined
that Bap expression affects cell surface hydrophobicity and bio-
film formation on medically relevant surfaces. In addition, we
present evidence for a role for Bap in adherence to relevant eu-
karyotic cells, suggesting that Bap may have an important role in
colonization of the host.
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MATERIALS AND METHODS

Bacterial strains and culture conditions. A. baumannii strain 307-0294
(Ab307) and the A. baumannii 307-0294 Bap-deficient mutant (bap1302:
EZ-Tn5 mutant) were described previously (21). Reverse transcription-
PCR (RT-PCR) analysis of the gene (A1S_2695, hypothetical protein)
immediately downstream of bap demonstrated that this gene was tran-
scribed in the Bap mutant, suggesting that the Tn5 disruption does not
exert polar effects on neighboring genes (21). Bacteria were cultured in
Mueller-Hinton (MH) medium at 37°C or on MH agar at 35.5°C and 5%
CO, unless otherwise specified, with 50 ug/ml kanamycin supplementa-
tion as necessary.

Hydrophobicity. Cell surface hydrophobicity was assessed as de-
scribed previously (17) with the following modifications. Briefly, cultures
that had been grown on MH plates for 16 h were washed and resuspended
in PUM buftfer (22.2 g K,HPO, - 3H,0, 7.26 g KH,PO,, 1.8 gurea, 0.2 g
MgSO, - 7H,0; pH 7.1) to an optical density at 600 nm (ODg,) of 1.0.
Part (1.6 ml) of each culture was incubated with 160 ul hexadecane in
glass test tubes for 30 min at 35.5°C. Cultures were vortexed for 1 min and
allowed to stand at room temperature for 15 min. The final ODg, of the
aqueous culture was determined. Cell surface hydrophobicity was deter-
mined by calculating the BATH score (bacterial adhesion to hydrocar-
bon) as follows: [1 — (ODg,,.; — ODji6a)] X 100 where ODyg,,, ., is the final
optical density and OD;,;;,; is the initial optical density. Three indepen-
dent assays were performed with at least three replicates of each strain.

Biofilm assays. Biofilm formation on polystyrene, polypropylene, and
titanium was assessed as described previously with minor modifications
(32). Briefly, Ab307 and the bap1302::EZ-Tn5 mutant were inoculated to
an ODg, of 0.2 in Tris-M9 medium and were grown overnight at 37°C at
100 rpm. Biofilms were grown in polypropylene tubes in the presence of
polystyrene slides or titanium rod sections. Materials containing biofilms
were washed three times in phosphate-buffered saline (PBS) and stained
with crystal violet. After washing with cold tap water, the biofilms were
resuspended in 95% ethanol with the aid of glass beads and vortexing. The
optical density at 595 nm was determined. Biofilms were grown in either
duplicate or triplicate and were repeated at least three times.

SEM. Biofilms were developed as described above on polystyrene and
titanium. Biofilms were washed in PBS and fixed for 1 h with 2.5% glu-
taraldehyde in 0.1 M sodium cacodylate buffer containing 0.075% ruthe-
nium red and 0.075 M lysine acetate, pH 7.2. Samples were rinsed three
times with 0.2 M sodium cacodylate buffer containing 0.075% ruthenium
red (pH 7.2) and then subjected to graded incubations in 30%, 50%, 75%,
95%, and 100% ethanol. Samples were submerged twice in 100% hexam-
ethyldisilazane and air dried. Scanning electron microscopy (SEM) im-
ages were captured with a Hitachi SU-70 or a Hitachi S-4000 microscope
equipped with a tilt stage for side angle views.

Bacterial adherence assays. Bacterial adherence to eukaryotic cells
was determined as previously described with some modifications (3, 25).
Normal human bronchial epithelial (NHBE) and normal human neonatal
keratinocyte (NHNK) primary cell lines, commercially available from
Clonetics (Lonza Walkersville, Inc., Walkersville, MD) and InvitroCYTE
(Seattle, WA), respectively, were cultured to confluence in 24-well tissue
culture plates. Ab307 and the bap1302::EZ-Tn5 mutant were cultured to
mid-log phase and resuspended in eukaryotic cell culture medium. Eu-
karyotic cell monolayers were infected with 107 bacterial cells per well
resulting in a multiplicity of infection (MOI) of 100:1. Plates were centri-
fuged at 220 X gfor 5 min and incubated at 37°C with 5% CO, for 30 min,
90 min, 180 min, and 300 min. At each time point, eukaryotic monolayers
were washed three times with HEPES-buffered saline solution (HBSS)
(Clonetics) and harvested with trypsin. Harvested samples were dilution
plated for enumeration of CFU following overnight incubation. Bacterial
adherence was determined as the percentage of bacterial cells associated
with eukaryotic cells relative to the original inoculum. A minimum of two
independent assays was conducted, with each experimental condition
performed in duplicate.
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FIG 1 Cell surface hydrophobicity analyses of A. baumannii strain 307-0294
(Ab307) and the bap1302::EZ-Tn5 mutant. The bap1302::EZ-Tn5 mutant ex-
hibits significantly decreased surface hydrophobicity compared to Ab307
when incubated with hexadecane. BATH score (bacterial adhesion to hydro-
carbon) = [1 — (ODg,0 — ODjniial)] X 100 where ODy,,., is the final optical

density and OD),;;,, is the initial optical density. The values for Ab307 and the
bap1302::EZ-Tn5 mutant are significantly different (P < 0.0001) as indicated
by the three asterisks. These data are presented as the means plus standard

errors of the means (error bars) of 9 replicates of each strain.

Bacterial invasion assays. Bacterial invasion of NHBE and NHNK
cells was determined as described previously with some modifications (7).
The eukaryotic cells were cultured in 24-well tissue culture plates to con-
fluence and infected as described above. At 180 min and 300 min, the
monolayers were washed with HBSS, and fresh culture medium contain-
ing 300 pg/ml gentamicin sulfate was added to each well and incubated for
90 min. The monolayers were washed, harvested with trypsin, lysed with
1.0% saponin, and plated as described above. Bacterial invasion was cal-
culated as the percentage of bacterial cells remaining after gentamicin
sulfate treatment relative to cell-associated CFU. To determine whether
internalization was active invasion by Ab307, NHNK and NHBE cells
were preincubated 30 min with 1 pg/ml cytochalasin D (Sigma-Aldrich),
and 1 ug/ml cytochalasin D was maintained in the media throughout the
experiment. A minimum of two duplicate assays was conducted with each
experimental condition performed in duplicate. To confirm that bap was
transcribed under these conditions, RT-PCR was performed on RNA har-
vested from bacterial cells exposed to eukaryotic cell media using bap-
specific primers 5'-TGCTGACAGTGACGTAGAACCACA-3" and 5'-TG
CAACTAGTGGAATAGCAGCCCA-3". Pelleted bacterial cells exposed
to eukaryotic cell media were dried on nitrocellulose membranes and
probed with the Bap-specific monoclonal antibody MAb 6E3 to verify Bap
expression (21).

Statistical analyses. Data are graphed as means * standard errors of
the means. Values were compared with the Student’s ¢ test using
GraphPad Prism 5 software.

RESULTS
Bap contributes to cell surface hydrophobicity. It has been
shown that organisms deficient in the expression of a Bap ho-
molog have a decreased association with hydrocarbon (17, 30).
This suggests that cell surface hydrophobicity may play a role in
biofilm formation. To assess the contribution of A. baumannii
Bap to cell surface hydrophobicity, Ab307 and the bap1302::EZ-
Tn5 mutant were incubated with the saturated hydrocarbon hexa-
decane. The Bap-deficient mutant (the bap1302::EZ-Tn5 mutant)
exhibited significantly decreased cell surface hydrophobicity in
comparison to Ab307 (P < 0.0001), which readily incorporated
into the hydrocarbon layer (Fig. 1).

Role of Bap in biofilm formation. The mechanisms utilized by
A. baumannii to persist on abiotic surfaces remain undefined. The
contribution of Bap was assessed by examination of biofilm for-
mation on the medically relevant surfaces polystyrene, polypro-
pylene, and titanium. Polystyrene and polypropylene were se-
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FIG 2 Comparisons of biofilm formation of Ab307 and the bap1302::EZ-Tn5
mutant on medically relevant surfaces. Ab307 forms significantly more biofilm
than the bap1302::EZ-Tn5 mutant on three medically relevant materials; tita-
nium (white), polystyrene (dark gray), and polypropylene (light gray). The
values for Ab307 and the bap1302::EZ-Tn5 mutant are significantly different
(P < 0.0001) as indicated by the brackets and three asterisks. Solubilized crys-
tal violet stained biofilms were quantitated by reading the absorbance at
ODsqs. These data are presented as the means plus standard errors of the
means (error bars). Biofilms were cultured in duplicate or triplicate, and the
assay was repeated at least three times.

lected for analysis because they are materials found routinely in a
hospital setting, i.e., found in medical and nutritional packaging,
test kit materials, parts used in pharmaceutical delivery systems,
kitchen items, etc. Polypropylene is also used to produce nonab-
sorbable sutures and used in nonwoven medical textiles, whereas
titanium was selected for study because it is a material often used
in orthopedic procedures. Comparative biofilm studies showed
that Ab307 forms significantly more biofilm than the Bap-
deficient mutant on all three materials (P < 0.0001) (Fig. 2). Bio-
films of Ab307 and the bap1302::EZ-Tn5 mutant grown on poly-
styrene and titanium were imaged by scanning electron
microscopy. Figure 3A shows that the wild-type Ab307 forms
three-dimensional mature biofilm structures consisting of multi-
cellular towers with obvious water channels between the towers on
both surfaces. These towers are readily apparent in the side views
shown in panels B and D, where the approximate height of these
structures ranges between 55 and 82 pwm. The Bap-deficient mu-
tant (the bap1302::EZ-Tn5 mutant) does not form a mature bio-
film on either surface. While there appears to be minor differences
in the number of bacteria attached to each surface, the side views
clearly show that the mutant was incapable of forming multicel-
lular structures, indicating that Bap is required for biofilm devel-
opment and maturation on both polystyrene and titanium.

Bap expression is involved in adherence to human eukary-
otic cells. To determine whether surface expression of Bap affects
the association of Ab307 with eukaryotic cell surfaces, adherence
assays were performed using primary NHBE and NHNK cells.
NHBE cells were selected because A. baumannii is a causative
agent of ventilator-associated pneumonia. Since A. baumannii is
also associated with wound infections and has been shown to col-
onize the skin of health care workers who can unknowingly trans-
fer A. baumannii to susceptible patients, NHNK cell adherence
was also assessed. Monolayers were infected with 107 bacterial
cells/well (MOI of 100:1) for 30 min, 90 min, 180 min, and 300
min. Figure 4 demonstrates that Ab307 associated with NHBE
cells (Fig. 4A) and NHNK cells (Fig. 4B) at a significantly higher
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FIG 3 Phenotypic comparison of biofilm formation of Ab307 and the
bap1302::EZ-Tn5 mutant on titanium and polystyrene. SEM images were cap-
tured at a magnification of X800 (left column) and from side tilt view at
X2,000 (right column). (A to D) Ab307 forms mature biofilm structures on
titanium (A and B) and polystyrene (C and D) with classic towers and water
channels (white arrows). The side views show examples of the complex mul-
tilayer structures that Ab307 formed in these biofilms with heights of approx-
imately 55 wm on titanium (B) and 80 wm on polystyrene (D). (E to H) In
contrast, the bap1302::EZ-Tn5 mutant forms unorganized single layers of ad-
herent cells on both titanium (E and F) and polystyrene (G and H). The side tilt
view clearly shows that while the bap1302::EZ-Tn5 mutant adheres to both
surfaces, there are no multilayer structures or three-dimensional complex
towers on either surface. White bars, 40 um.

percentage than the bap1302:EZ-Tn5 mutant (P < 0.02). The
greatest difference in adherence occurred at 180 min where ap-
proximately 45% of Ab307 adhered to both NHBE and NHNK
cells while less than 15% of the bap1302::EZ-Tn5 mutant was ad-
herent. Although both strains exhibited comparable growth at the
300-min incubation point, the level of Ab307 adherence to NHBE
and NHNK remained 3-fold higher than that of the bap1302::EZ-
Tn5 mutant (data not shown). RT-PCR analysis using bap-
specific internal primers and whole-cell immunoblots with the
previously described Bap-specific antibody MADb 6E3 showed that
bap is being transcribed and expressed by Ab307 under these assay
conditions (data not shown) (21). These data indicate that Bap
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FIG 4 Bacterial association with NHBE and NHNK cells. (A and B) Ab307
adheres significantly more than the bap1302::EZ-Tn5 mutant to NHBE (A)
and NHNK cells (B) at 30 min, 90 min, and 180 min. The values for Ab307 and
the bap1302::EZ-Tn5 mutant are significantly different (P < 0.02) as indicated

by the bracket and asterisk. Data are presented as the means plus standard
errors of the means (error bars).

functions as an adhesin involved in A. baumannii attachment to
both NHBE and NHNK cells in vitro.

Bap expression does not play a role in NHBE or NHNK cell
invasion. To determine whether expression of Bap affects the in-
vasion of NHBE and NHNK cells by Ab307, gentamicin protec-
tion assays were performed. In these studies, we analyzed invasion
after 180 min and 300 min of incubation, as these time points
resulted in the maximal adherence levels. There was no significant
difference between internalization of Ab307 and the bap1302::EZ-
Tn5 mutant by either NHNK or NHBE cells at 180 min (Fig. 5) or
300 min (data not shown). Approximately 2% of total adherent
Ab307 and the bap1302::EZ-Tn5 mutant were internalized at both
time points. These data are consistent with a previous study dem-
onstrating a low level of invasion for different strains of A. bau-
mannii (7). These investigators also determined that incubation
times exceeding 5 h resulted in decreased eukaryotic cell viability
(7). In the presence of the actin polymerization inhibitor cytocha-
lasin D, both strains were internalized to a lesser extent by each
eukaryotic cell line, although these data were not statistically sig-
nificant (Fig. 5). Cytochalasin D did not affect bacterial viability
(data not shown). These data indicate that Bap is not involved in
internalization of or invasion by A. baumannii in the cell lines
examined.
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FIG 5 Internalization of Ab307 and the bap1302::EZ-Tn5 mutant at 180 min.
(A and B) There is no significant difference in the internalization of Ab307 in
comparison to the bap1302::EZ-Tn5 mutant by NHBE (A) or NHNK cells (B).
The addition of 1 ug/ml cytochalasin D (cytD) (dark gray bars) reduces the
quantity of bacteria internalized by the cells; however, these data are not sig-
nificantly different. Data are presented as the means plus standard errors of the
means (error bars).

DISCUSSION

The purpose of this study was to determine whether the A. bau-
mannii Bap had an important role in cell surface hydrophobicity
and biofilm formation on medically relevant surfaces and also to
determine whether this protein was involved in eukaryotic cell
adherence, an important step in host colonization.

In silico analysis of A. baumannii Bap indicated that the protein
itself has a high degree of hydrophilicity (27). However, our data
show that wild-type Ab307 cells expressing Bap readily incorpo-
rate into a hexadecane layer to a significantly greater degree than
Bap-deficient cells with a BATH score 23-fold higher than the Bap
mutant. Therefore, although the sequence was predicted to be
hydrophilic by in silico modeling, the expression of Bap increases
the overall cell surface hydrophobicity. Interestingly, A. bauman-
nii Bap contains conserved sequences that are also found in the
hyaline repeat (HYR) module (4, 21). The HYR module structure
resembles an immunoglobulin-like fold and was first described to
function in eukaryotic cell adhesion proteins and has also been
found in bacterial adhesion proteins (4). The HYR domain also
contains conserved hydrophobic residues (4). These conserved
residues in Bap may contribute to the cell surface hydrophobicity.
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Previous studies have shown that Ab307 Bap plays a role in
static biofilm maturation and maintenance, increasing both bio-
film thickness and biovolume on glass surfaces (21). To determine
whether Bap expression is involved in biofilm formation on med-
ically relevant surfaces, biofilm studies were performed on poly-
styrene, polypropylene, and titanium. Cells expressing Bap
formed more biofilm on all three materials. It is important to note
that these studies were performed with materials suspended in
bacterial cultures under constant agitation. The results of SEM
analyses of these bacteria on polystyrene and titanium indicated
that Bap-expressing cells form the classic biofilm architecture
consisting of multidimensional towers separated by water chan-
nels. Some of these tower structures were quite prominent in the
biofilm, and they were fairly stable, as they remained intact despite
constant agitation. In contrast, the Bap-deficient cells remained
predominantly in a single layer with a mat-like phenotype con-
taining a few sparse areas of cell aggregates. There were no obvious
tower structures formed by this mutant. These data provided two
important observations. First, while the Bap mutant did not form
a mature biofilm, this construct is fully capable of attaching to
different materials. Thus, A. baumannii Bap does not play a major
role in the initial phases of adherence to abiotic surfaces. These
results contrast with previous reports demonstrating that the S.
aureus Bap is involved in initial attachment to surfaces, suggesting
that these two homologs may have somewhat divergent functions
(8). However, A. baumannii Bap is clearly required for biofilm
development and maturation on both polystyrene and titanium.
The mechanism behind this maturation is not fully understood. It
is possible that Bap binds to other Bap molecules on neighboring
cells, thus functioning as intercellular adhesins within the biofilm
and contributing to the overall structural support and integrity of
the developing biofilm. Another possibility is that Bap may bind
another molecule within the biofilm. Interestingly, in silico analy-
sis of the Bap sequence using InterProScan software (27) revealed
that Ab307 Bap contains homologous domains to the PKD (poly-
cystic kidney disease) domain and the concanavalin A-like lectin/
glucanase domain. The PKD domain has been implicated in
protein-protein interactions, whereas the presence of the conca-
navalin A-like lectin/glucanase domain suggests possible protein-
carbohydrate interactions (27). Thus, the structural composition
of A. baumannii Bap suggests that future studies should focus on
possible protein-protein and protein-carbohydrate interactions.

Bap was detected on the surface of 43% (42/98) of the A. bau-
mannii clinical isolates evaluated in a previous phenotypic analy-
sis using the Bap-specific monoclonal antibody MAb 6E3 (21).
These data demonstrate that Bap expression is fairly conserved
among a diverse panel of isolates and not limited to a few strains.
However, it should be noted that the nonreactive strains of A.
baumannii may not be Bap deficient, but instead they may express
a Bap that does not contain the specific epitope recognized by
MAD 6E3. A BLAST search of the NCBI database demonstrates
that a portion of the Ab307 bap is present in all A. baumannii
genome sequences; however, the complete sequence of the coding
region is not present in these other strains. This is likely due to the
extensive number of repeats in bap, which also precludes the abil-
ity to perform accurate molecular analyses designed to identify the
genetic level of conservation.

The biofilm data presented in this study confirm that Bap is an
essential component in biofilm development and demonstrate
that this surface protein is required in the formation of a classic
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biofilm phenotype on a variety of different surfaces, including
those commonly found in health care facilities. These data are
important because the ability of A. baumannii to survive and per-
sist on abiotic materials is linked to outbreaks of nosocomial in-
fections. In order to develop more effective ways of eradicating A.
baumannii contamination from the environment, we must iden-
tify the bacterial factors that are important for persistence, and our
data implicate Bap as a key component.

It has been previously determined that A. baumannii adheres
to human bronchial epithelial cells (11, 16, 19, 20) and human
alveolar epithelial cells (7, 15), although the mechanism of adher-
ence was not defined. Our findings show that cells expressing Bap
on the surface adhered to both NHBE and NHNK cells at signifi-
cantly greater percentages than Bap-deficient cells at an early time
point of 30 min with increasing adherence over time. These data
are novel because they provide evidence suggesting that the A.
baumannii Bap contributes to eukaryotic cell adherence. Another
important aspect of our data is the fact that we have used primary
human cell lines. While previous studies have provided valuable
insight into A. baumannii adherence and invasion of multiple eu-
karyotic cell lines, these studies all used transformed cells, which
likely differ from the primary human cells that A. baumannii en-
counters in the initial stages of colonization (7, 16, 19, 20).

In addition, Bap may be an important factor in adherence be-
cause of its propensity to increase the surface hydrophobicity of
the bacteria. A previous study of the adherence of group B strep-
tococci to epithelial cells showed that hydrophobic interactions
between bacterial surface proteins and the epithelial cell surface is
the mechanism for adherence (35). Our data support the hypoth-
esis that Bap plays a role in eukaryotic cell adherence; however, we
did not find evidence to support a role for Bap in internalization.
There was no significant difference between Ab307 and the
bap1302::EZ-Tn5 mutant in internalization by either NHBE or
NHNK cells. Previous work by Choi et al. determined that A.
baumannii invasion of epithelial cells is dependent on OmpA and
the action of eukaryotic cell microtubules and microfilaments (7).
These authors also reported a fairly low level of invasion and con-
cluded that both adherence and invasion are likely dependent on
the specific A. baumannii strain and the eukaryotic cell line being
evaluated. On the basis of those data, we would not expect to see
differences in internalization between the Bap-expressing cells
and the Bap-deficient cells. As expected, there were no significant
differences in internalization between the mutant and wild type in
either eukaryotic cell line tested. The results of our studies dem-
onstrate that Ab307 does not actively internalize in these cell lines
under the in vitro conditions we tested. Rather, our data suggest
that internalization of the organism is dependent upon active up-
take by the eukaryotic cells.

Unfortunately, the size of the Bap gene precludes complemen-
tation of the mutant, and this represents a limitation of our cur-
rent study. However, in our initial characterization of the Bap
mutant, we confirmed that transcription of the A1S_2695 gene,
which codes for a hypothetical protein immediately downstream
of bap, was not affected by the transposon insertion (21). In addi-
tion, we confirmed that bap and A1S_2695 were not cotrans-
cribed. These data suggest that the bap1302::EZ-Tn5 mutant is
likely nonpolar, although we cannot rule out any undetectable
effects in other regions of the chromosome.

In conclusion, our data demonstrate that Bap plays a key role
in biofilm formation and maturation on abiotic surfaces of med-
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ical importance. Also, Bap increases bacterial cell surface hydro-
phobicity, which may be a mechanism involved in the increased
adherence of Ab307 to both NHBE and NHNK cells. Adherence to
eukaryotic cells is an important step in colonization and host in-
fection. Thus far, Bap is the only A. baumannii surface protein that
has been linked to both biofilm formation on abiotic materials
and attachment to primary human cells encountered in the host.
Taken together, these data represent important contributions to
the field of A. baumannii research. First, our data identify Bap asa
potential target for future studies focused on the development of
novel antimicrobial methods designed to eliminate A. baumannii
from abiotic and medically relevant surfaces. Second, our data
further implicate Bap as a potential target for novel therapeutic
methods designed to prevent A. baumannii colonization and in-
fection of the host. These are critical observations, because in or-
der to control A. baumannii infections, it is essential to understand
the mechanisms of environmental persistence and the mecha-
nisms of colonization.
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